Two groups of postcoronary patients (n = 35 and n = 27) were followed for 1 year. Group 1, recruited 2 to 3 months after infarction, showed a 9% gain of maximum oxygen intake in response to an average of 878 km of walking at speeds increasing to 6.9 knvhr-1 . High density lipoprotein (HDL) cholesterol showed a statistically significant, but small, increase over the period of training. If expressed as a ratio to either low density lipoprotein or total cholesterol, the change was correlated with decreases of cigarette consumption, alcohol intake, and body mass, but was unrelated to speed or training distance. Group 2 patients trained an average of 50 to 80 km a week. In this group, HDL cholesterol correlated well with the weekly running distance, declining in those subjects who detrained, and increasing in those who intensified their training. We conclude that the dose of exercise necessary for inducing any substantial increase of HDL cholesterol is about 20 knvwk" 1 . (Arteriosclerosis 3:249-259, 
I t has been stated previously that physical activity was ineffective in reducing total serum cholesterol levels unless there was an associated weight loss. 12 Interest in the problem was rekindled with discovery of the importance of the high density lipoprotein fraction of total cholesterol, and the subsequent appearance of several reports indicating a positive correlation between participation in regular aerobic exercise and a high percentage of high density lipoprotein (HDL) cholesterol. 3 " 13 However, it could be argued that these differences are constitutional, or are due to related health habits such as the absence of cigarette smoking or the peculiarities of diet followed by the jogger or long-distance runner.
Some investigators have stressed the prognostic importance of the HDL 2 subtraction, 14 ' 1S and reported significant reductions in the low density lipoprotein (LDL) cholesterol fraction and/or elevations of the HDL fraction in response to as little as 20 to 45 minutes of jogging, repeated 3 to 4 times weekly for a minimum of 10 weeks. 16 " 23 Gains have been seen not only in healthy subjects, but also in survivors of a myocardial infarction. 24 However, favorable changes in blood lipids have not always been observed. 1225 " 29 While in some cases this may have been due to masking of an increase in the HDL 2 fraction by a decrease in HDL 3 , 30 it could also be that the favorable changes previously ascribed to exercise per se are merely associated with other more potent life-style changes such as a reduction in cigarette smoking, a decrease in body weight, and a change in eating patterns. Thus, a critical evaluation of some of the pertinent literature reveals the initial choice of older and heavier subjects, 12 a reduction in cigarette smoking, 31 a decrease in body mass, 32 the encouragement of a negative energy balance by insisting on a set dietary pattern, 17 and the selection of subjects with an initial abnormal lipid profile, 23 ' 33 ' 34 may all have been factors inducing a favorable response.
We have attempted to explore this question further in two cohorts of "postcoronary" patients -35 individuals who participated in a 1-year rehabilitation program commencing 2 to 3 months after infarction, and 27 more long-standing patients who are members of the Long Distance Jogging Group and who were assessed at the beginning and end of a typical 12-month training period during which some mem-bers maintained, or increased, their usual weekly distance, while others, for various reasons, reduced their training level. Data on the lipid profile for both groups was related to records of weekly jogging distances, speeds of jogging, and other life-style variables including diet, alcohol consumption, and smoking patterns.
Methods

Subjects and Experimental Plan
Group 1
Group 1 consisted of 35 middle-aged men (51.8 ± 7.4 years) who were admitted to an exercise-centered outpatient rehabilitation program 2 to 3 months after a well-documented myocardial infarction. All had received current medical treatment while in the hospital, and continued to receive the necessary general treatment from their family physicians. The baseline data on fitness levels, blood lipid profiles, and life-style variables were collected at the beginning of the experiment, and all observations were repeated after a year of progessive endurance training. During the year, the program participants covered an average of 878 km at an average pace of 6.9 knrhr 1 .
Group 2
Group 2 comprised 27 patients, all with well-documented myocardial infarction 2 to 8 years previously, who had joined the Long Distance Jogging Group after completing the customary 2-year Toronto Rehabilitation Center exercise program. All had either completed a marathon event or were training for this purpose. None of the group had been involved in long-distance running before their illness. When tested at the beginning of the year of study, the weekly running distance averaged 67.7 km at a pace of 6.4 minutes per kilometer. One year later, 10 of the 27 had allowed their weekly distance to diminish by more than 8 km, because of domestic or business pressures, vacations, or because they were not planning to enter a long-distance jogging event in the immediate future. Eleven had increased their training distance. The group average was now 61.9 km at a pace of 6.6 minutes per kilometer. As with Group 1, data on fitness lipid profile and life style were collected initially and at the end of the 1-year period of observation.
Fitness Assessment
The fitness assessment followed the standard protocol of the Toronto Rehabilitation Centre, described in detail elsewhere. 35 Excess body mass was calculated relative to a modification of the "ideal weights" proposed by The Society of Actuaries. 36 Skinfolds were measured by Cambridge calipers at three sites (triceps, subscapular, and suprailiac), and body fat was predicted using the equations of Durnin and Womersley 37 and Siri. 38 Maximum oxygen intake was predicted from heart rate and oxygen consumption responses to a progressive cycle ergometer protocol; 3940 comparison with direct treadmill measurements has shown this procedure to be satisfactory in our sample of postcoronary patients. 40 ST-segmental depression was recorded at the highest workload (75% to 85% of maximum oxygen intake), using whichever of leads CM 5 , V,, or lead III showed the greatest deflection from isoelectric; measurements were made 80 msec after the J-point of the ST segment.
Plasma Lipid Profile
Measurements of total plasma cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides were made by standard techniques. Blood samples were drawn under standard conditions (early morning, after an overnight rest and a minimum fast of 14 hours, and were analyzed by the standard methods established for the International Lipid Research Project. 4142
Life-Style Variables
All patients were given instructions regarding a "prudent" diet for postcoronary patients. A moderate intake of animal fat was advised with the objectives of reducing serum cholesterol, and/or maintaining the fat loss achieved during hospital admission. At the end of the year of observation, patients were questioned as to their adherence to this recommendation, and responses were classed on a four-category scale (from 3 = careful observance to 0 = no attempt at dieting).
Data on life style commonly lack validity. Our ratings are based on questioning of the patients and close examination of their behavior during the year of their weekly attendance at the rehabilitation classes.
Regular weekly and daily consumption of beer, wine, and spirits was ascertained by questionnaires and interviews, and calculated as grams of ethanol per kilogram of body weight. The upper limit for a light drinker was defined* as a mean intake of 0.3 g«kg«day-1 over any 3-day period, and for a moderate drinker as 0.7 g«kg*day~1 over any 3-day period. 43 Subjects were then rated on a four-category scale (3 = heavy, 2 = moderate, 1 = light, orO = none) at the beginning and end of the year of observation. The possible change of alcohol consumption thus ranged from + 3 (none -> heavy) to -3 (heavy -» none).
Smoking was initially classified as heavy (2 = 10 or more cigarettes daily), light (1 = less than 10 cigarettes daily), occasional (0.5 = less than 10 cigarettes weekly), absent (0), since there was little *9.3g of ethanol = 1 oz spirits (80 proof) = 3.5 oz wine (12% by volume) = 9 oz beer (5% by volume). variation in an individual's cigarette consumption. At the end of the year of observation, behavior was classified as stopped (-2), reduced smoking (-1), no change (0), or increased smoking (+1).
Exercise habits were recorded by means of a weekly "log." 44 This was checked by the staff of the rehabilitation center each week, and a cumulative distance for the year was computed. The final time required to cover a 1.6 km distance was also noted; this has been expressed as a walking and running speed (knvhr 1 ).
Training Program
Details of the training program have been discussed elsewhere. 35 ' ** In brief, the subjects of Group 1 attended the Toronto Rehabilitation Centre for one session of supervised activity each week, and were required to carry out a minimum of four additional sessions of activity on their own, compliance being monitored by the exercise log. The amount and vigor of exercise was individually prescribed, based upon clinical examination and the response to laboratory stress testing. The main emphasis was on walking and progressing to jogging, the average speed being 6.9 knrhr 1 .
The subjects in Group 2 continued to develop their long-slow distance capability through the standard program of the Centre, covering at least 4.8 km five times weekly; however this activity was supplemented by one or more much longer medically supervised run(s) each week. Their running speed averaged 9.3 knvhr 1 .
Results
Initial Status of Subjects
Group 1
The initial status was fairly typical of patients enrolled in the Toronto Rehabilitation Centre program (Tables 1 and 2 ). There was a moderate excess of body mass, much as in the average middle-aged Torontonian, with some excess of body fat. Probably as a result of dietetic advice commenced in the hospital, the plasma lipid profile was also typical of a middle-aged individual. None was taking antihyperlipidemic agents.
The maximum oxygen intake averaged about 88% of the age-related normal value. Resting and exercise blood pressure readings were unremarkable, but eight of 35 subjects showed significant exerciseinduced ST-segmental depression (> 0.1 mv).
Group 2
Group 2 subjects were 8 kg lighter than Group 1 ( Table 3 ). The initial excess body mass was 2.6 ± 7.1 kg, 6.6 kg less than in Group 1. Total serum cholesterol was as in Group 1, but triglycerides were only two-thirds of the Group 1 average. Serum HDL cholesterol was 20% higher than in Group 1. The average weekly running distance producing this response was 67.7 km, compared with 16.9 km in Group 1; moreover, the average speed of Group 2 was 9.3 knvhr 1 , compared with 6.9 knvhr 1 in Group 1. 
Training Responses
Group 1
Over the year of training, these subjects showed a modest (9%) increase of maximum oxygen intake, with a fall of resting heart rate and the diastolic blood pressure in rest and exercise (Table 2) . However, the group as a whole showed no significant change of either body mass or estimated percentage of body fat ( Table 1) . Changes of total serum cholesterol and serum triglycerides were insignificant, but there was a small (2.6 mg*dl~1) increment of HDL cholesterol, with corresponding changes in the HDL/total cholesterol and the HDL/LDL cholesterol ratios (Table 1) .
Group 2
The data as a whole showed no significant changes over the year. This is because some subjects increased and others decreased their running distance (Figure 1 ). Certain differences emerge (Table 4 ) if the sample is subdivided into three categories to distinguish: 1) those who continued to increase their training by at least 8 knrwlc 1 ; 2) those whose training distance changed by less than 8 krrvwlc 1 ; and 3) those who cut their weekly distance by at least 8 knrwlc 1 . Those in Subgroup 2 did not differ from the sample as a whole; Subgroups 1 and 3 showed similar changes of body mass, plasma cho-lesterol, and plasma triglycerides, but plasma HDL cholesterol showed a continuous increase in those who continued to advance their training, while it regressed in those who reduced their prescription. A similar effect is seen with the ratio of HDL to total cholesterol. Graphic analysis shows that the results for 22 of the 27 subjects conformed to this trend. Moreover, a linear relationship between the initial weekly training distance, and individual HDL readings was apparent, the linear regression equation being HDL-C (mg*d|-1 ) = 23.6 + 0.46 (km) (r = 0.68, p< 0.001).
Life-Style Changes
Group 1
Nine of the Group I subjects reported that they had dieted carefully over the year (Grade 2 response), 21 members of the group had dieted moderately, and five had made no attempt to diet. Initially, there was one heavy user, eight moderate users, 21 light users of alcohol, and five nondrinkers; during the study, five subjects reduced their alcohol consumption so that there were finally four moderate and 24 light users of alcohol plus seven abstainers. Initially, 14 of the group were heavy smokers, one was a light smoker, and 20 were nonsmokers; at the end of the year, there were four heavy and three light smokers. Subgroup a = all 27 patients of Group 2; Subgroup b = 11 patients whose weekly distance increased by an average of 14.9 krrvwk" 1 (8.9 miles«wk~1); and Subgroup c = 10 patients whose weekly distance decreased by average of 22.7 knrwk" 1 (14.2 miles«wk~1). In remaining six patients, training changed by less than 8 knrwk -1 over the year of observation. Data (means ± so) for these individuals were closely comparable with those for the sample as a whole. 
Group 2
The life style of this group was favorable at the beginning of the period of observation. Only one of the 27 smoked cigarettes, and one, an occasional cigar. Six of the 27 took no alcohol, 13 took a small amount, and eight were moderate drinkers. Seven of the 27 dieted carefully, and a further 12 dieted moderately, leaving only eight who made no attempt to modify their diet. The group showed little change in these aspects of behavior over the 12-month study.
Multivariate Analyses
Group 1: Initial Data
When the subjects of this group were first seen, there were suggestive relationships between serum cholesterol, smoking, alcohol consumption, and dietary adherence, but none of the possible prediction equations had a significant F ratio.
The initial triglyceride concentration was also tested in relation to smoking, alcohol consumption, and diet. Again, none of the equations were significant.
The initial HDL/LDL ratio showed small suggestive relationships to smoking, alcohol consumption, and diet, and again, no multivariate equation contributed significantly to the prediction process.
Group 2: Initial Data
Similar multivariate analyses were applied to the patients of Group 2. Since they had been running for some years, we were able to include running distance and speed among the variables analyzed. The multiple correlation coefficient for a five-variable prediction of initial cholesterol (smoking, alcohol consumption, diet, running distance, and running speed) was significant (multiple r = 0.62). In a four-variable prediction, running distance (multiple r = 0.63) was more effective than running speed (multiple r = 0.45). Indeed, the largest of the four coefficients (t = 3.01) was attributable to distance.
The multiple correlation coefficient for the analogous five-variable prediction of the initial serum triglyceride concentration was r = 0.57.
In the case of the initial HDL concentration, the five-variable prediction was highly significant (r = 0.90), with significant individual coefficients attributable to both speed (t = 3. where S is the cigarette consumption (0-2), A is the alcohol consumption (O-3), D is the dietary adherence (0-3), M is the weekly running distance in kilometers, and T is the running speed in minutes per kilometer. It should be stressed that the coefficients for smoking (increase of HDL-C) and alcohol (decrease of HDL-C) are the opposite to those commonly reported in equations not involving exercise terms; they are also opposite in sign to the coefficients describing the effect of a change in smoking and drinking habits (see below).
Group 1: Training Responses
The changes of HDL/LDL ratios for Group 1 patients over the year of training showed no relationship to running distance or speed, whether these variables were considered alone or in combination with other variables (Table 5 ). However, a significant F ratio was reached in those multiple regressions that showed a positive association between the HDL/ LDL ratio and decreased cigarette smoking, decreased alcohol consumption, and decreased body weight and skinfold thickness (Equations 6, 13, and 15 of Table 5 ). When the HDL cholesterol was considered in its own right, there was a suggestion that increments are facilitated by a decrease of smoking and an increase of alcohol consumption, but none of the prediction equations reached a significant F ratio.
If we consider HDL/total cholesterol ratio (Table  6) , the equations for prediction of an increment again become statistically significant. The most precise predictors are Equations 2, 4, 7, 9, and 10 . These indicate that the ratio HDL/total cholesterol is augmented by a decrease of smoking and alcohol consumption, along with a reduction of obesity (A excess weight and/or A skinfold estimate of body fat). In terms of F ratio, Equation 7 is preferred:
A HDL/total cholesterol = 1.20 -0.87 (A S + 0.57) -0.68 (AW-0.31). 
Group 2: Training Response
The patients in this group had a heterogenous change of training regimen over the year of observation, and since there was little change of life style during this period, the changes of HDL (Figure 1 ) may thus reasonably be attributed to the increase or decrease of weekly training distance in individual subjects.
Discussion
Exercise and Llpld Profile
The present data confirms earlier observations on healthy middle-aged adults, 127 which suggested that up to 6 months of light-to-moderate exercise does not materially affect plasma cholesterol or plasma HDL-C, provided that body mass is maintained by an adequate energy intake. Although our patients showed a statistically significant response to 1 year of rehabilitation, the magnitude (2.6 mg«dM) was small, and even this response was apparently due to life-style changes other than the jogging program. Results for Group 1 are in marked contrast with those for the distance runners of Group 2. The latter group of patients had higher initial HDL-C values than Group 1, and the subcategory who further augmented their running distance boosted HDL-C by another 5.6 mg«dh 1 .
The slope of the regression line fitted in Figure 1 suggests that the threshold dose of exercise needed to surpass the normal sedentary HDL-C values of Group 1 is about 20 km«wk" 1 . Whether the critical stimulus is the total weekly distance or the attaining of the weekly distance by means of one or two longer runs is not, as yet, clear.
Although the patients of Group 1 showed a small increase of HDL cholesterol over the year of vigorous training, this was unrelated to the distance covered, or to the final walking/jogging speed. From the equations of Tables 5 and 6, much of the observed change in this group could be attributed to alterations of life style (reduced consumption of cigarettes, alcohol, and dietary fat).
Some earlier authors have also indicated that a substantial weekly running distance (in their experiments, 70 knrwk-1 and 14.4 km-wk" 1 respectively 96 is necessary to increase HDL concentrations. Where a response has been described with only moderate exercise, this could reflect failure to control for seasonal factors, 23 body mass, and life-style variables, or the testing of subjects with pathologically high initial readings. Thus, one study recruited subjects over a 6-month period, but followed individuals for only 13 weeks. 22 Some investigators have allowed, or even encouraged, a decrease of body mass. 17 ' 18 Others have controlled body mass, but have favored a decrease of serum lipids by recruiting samples with a high initial serum cholesterol. 2223 The selection of subjects with high initial triglyceride and cholesterol readings 22 " 243334 inevitably brings about some reversion of subsequent data towards the mean; 45 moreover, at least a proportion of the subjects recruited then have an error of metabolism susceptible to treatment by an increase of physical activity. Streja and Mymin, 22 and Erkelens et al. 24 both claimed that the response observed was independent of changes in smoking, alcohol consumption, and dietary habits, but they did not test this proposition by multivariate analysis. Likewise Huttunen et al. 23 apparently made no allowance for the influence of other life-style changes.
Although the average body mass of Group 1 did not change, the multivariate analysis indicates an important association between lipid profile and dietary change, 48 and/or change of body mass. Experiments where diet and body have remained uncontrolled should not be accepted as evidence that light to moderate exercise increases HDL cholesterol.
The findings from our Group 2 patients illustrate clearly that the improvement of lipid profile won by long-distance jogging/running/jogging can be sustained only by continued distance training. The data for a 1 -year period stand in contrast with the report of Sutherland et al. 47 suggesting that initial gains were conserved for 12 weeks.
